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ABSTRACT 



The plasma jet 1ms recently become the Subject of considerable 
interest, particularly as a research tool for the production of 
extremely high temperatures, and as a source of high temperature, 
high Mach number flows for laboratory investigations. 

The authors have been primarily concerned with the develop- 
ment of such a device and its associated hardware, for use at 
electrical energy levels in the order of three megawatts. Basic 
emphasis in this investigation was placed upon certain of the 
electrical parameters, in particular voltage and current variation 
with changing electrode separation. As a result of this investiga- 
tion, a working method for adjusting the power level of the plasma 
jet was evolved. 

As a by-product of the design calculations and investigations 
made, considerable information has been obtained on the flow para- 
meters of the swirling fluid media used to contain the arc, and on 
the fluid and electrical parameters of the internally cooled coils 
used to obtain the magnetic field necessary for magnetic confine- 
ment attempts. 
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1. INTRODUCTION. 



The plasma jet, or arc jet, is a relatively new device. Within 
recent years aerodynamicists , and others interested in space and 
re-entry problems, have become increasingly interested in the 
plasma jet as a device for the production of re-entry conditions, 
e.g. high temperature, high Mach number flows. The basic purpose 
of this investigation was the production and test of such a device. 

The plasma jet consists, essentially, of a electric arc con- 
stricted, by a vortex core of swirling fluid, to a small diameter 
path between anode and cathode. This fluid column, by confining 
the arc, increases tiie current density and temperature within the 
arc. The temperature causes the fluid in and near the arc to 
vaporize and partially ionize, forming a plasma. The plasma is 
then released, or forced, through an orifice, or jet. 

The intense heat generated in the arc is prevented from reach- 
ing the wall of the arc chamber by the swirling fluid formed by the 
tangential influx of fluid media. This fluid absorbs the major 
portion of the heat produced, and the gradient across it is such 
that tile walls receive a minor portion of the generated heat. 

This swirl also tends to stabilize the arc by restricting its 
path; that is, any tendency of the arc to increase its length is 
forestalled by a wall of water. In this device, in addition to the 
swirl, an axially directed magnetic field may be introduced between 
the electrodes in order to determine the practicability of magnetic 
containment . 
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2. NOTATION. 
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symbols and notations used in this report are those 
used in the fields of Electrical Engineering, and Gas 
. The notation is as follows: 

= static pressure at chamber wall, pounds per square 
= electrical power in watts 
= enthalpy BTU/# mass 

2 / 2/0 

= gas constant in gas equations, ft /sec / K; ohmic 
resistance in electrical equations 
= temperature in degrees Kelvin 
= ratio of specific heats C ,/c^ 

= specific heat at constant pressure 

= specific heat at constant volume 

= molecular weight 

= compressibility 

= entropy 

= voltage rise in volts 

= voltage drop in volts 

i = current in amperes 

= inductance in Henries 
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3. PLASMA JET DESIGN. 



During the initial design phase, the works of numerous inves- 
tigators in the field of plasma jets were carefully studied.* 

Perusal of these papers provided the basic requirements for design: 
however, specific design parameters were not provided. As a conse- 
quence, these required determination. 

It was desired to produce a plasma jet capable of withstanding 
the temperatures and pressures produced by the expenditure of ap- 
proximately three megawatts of electrical energy. Since this was to 
be a research tool, it was deemed desirable to incorporate provi- 
sions for the use of both gaseous and liquid media as cooling agents. 
It was further desired to provide an axially directed magnetic field 
between the electrodes so that the effect of magnetic confinement 
could be observed. A final consideration was the desire to make the 
overall design as simple as possible to facilitate manufacture and 
repair . 

Fig. la presents a cross-section sketch of the final design. 
Figs, lb and lc are photographs of the component parts of the 
plasma jet. 

The first parameter to be determined was the pressure which 
could be expected within the arc chamber. Since the device was to 
be used with both gaseous and liquid media, design calculations were 
based upon water as the cooling and plasma agent. It is to be ex- 
pected that, through a liquid-swirl containment, maximum pressures 
■would be encountered. Calculations of the expected pressure within 
the chamber were based upon the heat of vaporization versus the 

*See references following Appendices. 
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